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GRAVITATION. RELPTIYITY 

530.12 : 539.12 : 539.14 
APPARENT WEIGHT OF PHOTONS. 

'05'0 R.V.Pound and GAReblu ,  Jr. 
Phys. Rev. k t t e r s ,  Vol. 4, M. Ti 1:'-41 (April 1, 1960). 

Whei emitted without nuclear recoll, t'ne 14.2 keV pray  from 
the 0.1 psec  f l rs t  excited state of Fen provides a very well deflned 
frequency, the line having z fractional full ~ ! G t h  at half helght of 
1.13 X 
used to detect tbe gravitatlonal red-shlft measurement of tbe 
WFarPnf shlft of frequency betveen photons travelling vertically 
downwards through a helght of 74 ft and being resonantly absorbed 
a Fen foil. and  photo^ travelllng vertically upwards througb the 
Same height. The shift was measured determinhg the difference 
in tnnsmlss lon  of the absorber when the source was trarelllng @- 

wards and away from it  with equd velocities. The muce waa o d -  
Iated bslng a ferroelectric or moving-coil transducer. Arather ab- 
sorber  3 f t  from the source monitored thc stability of the equipmea 
Corrections to the results were required fo r  two effects: (a) A 
q u e n q  shift due to kmperature aifferences betrecn source and ab- 
r>:*r Produced by second-order Doppler effect. A temperature 
difference of lac would produce a shift comparable w ~ t h  the grad- 
ktlonal effect. (b) A frequency shlft characteristic of the C ~ ~ J I P ~ '  
e n  of the source with any particular absorber. This could x-  
counted for also by second-order Doppler effect and differences Of 
up to 11% in the Debye temperature of the lattice. Th.b effect 
comlderably using dXerent abjorbers and was at most -5 h m a  
greater than the gravitational effect. After correction. t!+e dab 
yielded a net fractional shift 8v/v I -(5.13 0.51) x IO-" betawn 
the r is ing and falung pbotom compared d1h a theoretkd p r ~ c ~ o a  

far a carefully prepared source. This radlatlon La been 

Of -4.92 x lou. k t . ~ . M u d r  
-~~~ ~~~ 

~~~ 
-~~~ 

FIRST-OXDER TERRESTRUL ETHER DRIFT 
USlSG THE hl6SDAUER RADIATION. M.Ruderier. 

The theory of the proposed e.perln:ent (Abstr. 18918 of 1960) 
Phy6. Rev. Letlers (USA), Vol. 7. No. 9. 361 (Nov. 1. 1961). 

In lncomplete because even the F iagerdd-Lorenb  contrktlon 
theory predicts first-order changes of frequency wlth  veloclty, and 
M a null  result (as with special relativity). C.W.Kllmi6tcr 

530.13 : 539.14 

C.W.SherrIn, E.Frauenfelder, X.L.Gamln, E.Lllscher, S.Margulleg 
and R.N.Peacock. 
Phys. Rev. Letters, VoI. 4, NO. 8, 399-401 (&rU IS, 1980). 

A descrlptlon le given of unsuccesshl attempts to detect a 
broadenLng of the central rwonanca absorptlon llne of Fe" due to 
the local asymmetric dlstrlbutlon of matter. An upper llmlt o! lo-'' 
Is  found for the relatlve energy &Ut, AE) E, whlch,maklng tentatlve 
assumptions, Lmplles that the relatlve local adsotropy of lnertlr. 
AWM, is less  than 5 x IO-''. E.A.Sanderm 

SEARCE E'OR THE ANlSOTRoPY OF mER'M USKG 
10569 THE M~SBAUER EFFECT M PO". 

530.11 : 539.14 
18917 SOME RECENT EXPENMENTAL TESTS OF THE 

"CLOCK PARADOX'. C.W.Sherwin. 
Phyc. Rev., Vol. 120, No. 1, 17-21 (Oct. 1, 1960). 

Recent erperlmenta by pound and Rebka on the tempemturc 
dependence of the Mtlssbauer effect In Fe". and by B y ,  Schlffer, 
Cnnsnaw, and Egelstaff using an Few absorber on a routing drum, 
are shown to provide the f i r s t  dlrect  experimental verification Of 
the time-keeplng propertles of accelerated clock¶ such as Occur 
Ln the classic "clock paradox" of relativity. In the experiment by 
h n d  and Rehka, the thermal vlbratlons of the lattlce impart r.m.8. 
velocities cf about lO-'c, and nearly contlnuous, randomly-oriented 
accelerations of the order  of 10"g to both the source and the ab- 
morber nuclel. In the ex erlment by Hay et  al. the ?cCelerailOII d 

munlcatlon of time data between the two nuclei for the duration d the 
"Purney" (the emlsslon time of the quantum). In each case t b  
observed fractional frequency shlft Af/fe which occurs between t b  
mUrCc and the absorber 10 found to be -vs'/2c' + Tal/fC1. where 

va are  the r.m.8. velocities of the source and the absorber 
nuclei, respectively. These resul ts  a r e  in quantitative agreement 
blth the generally accepted calculations for the "clock P r a w ' ,  
phfCb two clocks pursue lndeperident p t h s  (at least One Of which 
involves accelerations) in a common inertial frame, but a r e  com- 
w e d  at two or more points &here they coinclde In space and time. 
The kmperature-dependent exnerlments also dclr,onstrate t h t  
acreleratlons of the order  of ib"g, arlsln f rom httlCe v:braUoMs 
produce no intrinsic frequency eHrt in Fe' nuclei to an rcarmcy 
=reeding 1 part in IO". 

the absorber MS 6 x 10 P g. The photon provides contlnuous Com- 
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THE MdsSBAUER EFFECT. . 
AJ.F.Boyle and H.E.Ha1I. 

. t p  Prugr. Phys. (GB), Val. 25. 412-515 (1962). 

. -rrs) . -rays by soli& (hlossbucr cff?ct) is reviewed. with p r t l -  

..!u reference to the present and future applications to solid state 
A:.! nuclear physics. 

The recoilless eniission an1 resonant absorplion of low 

INVESTlGAnON OF TH€ hfC)SSDAUER EFFECT IN A 

V.A.Bryukhuwv. V.1.Gol'danskii. N.N.Delyagln. E F.hWarov uti 
V .S.Shyinc-I' . 
Zh eksyer. tcor. Pu. (USSR). Vol. 42, No. 2, 637-9 (Feb.. 1962). 
In Russian. 

Ihe hltlssbauer resonance absorptlon of Sn"' in a tin-ccinWning 
methylmethacrylatc polymer was 1nves:igated. 'Ihe polymer 
contained 301 hy wight  of ?in and measurements were made a1 
temperatures of  77'. 195' and 300'K. At 77'K a l~ effect was 
obserxtd-ad th-e velo_rit~ spectrum shwedtwo trmsmissionilips ~ 

with 3 srparation of 3 n i n  sec. This suggests either a quadrupole 
effect o r  the existence 31 tu.0 different types of tin site in the 
polymer. Ihc effect falls off l ess  rapidly with temperature tian 
predicted hy a Debye model. [Englisn translation in: Soviet 
Physics-JE TP (USA)]. DAOConnor 

'Og30 TlN-COSTAJhWG POLYMER. 

744 PECULIARITIES O F  h18SSBAUER SPECTRA OF TIS- 
ORGAh3C C0MPOUh;DS A h 3  TIIE ROLE O F  THE h'EARESf 

CHEhlICAL BOSDS IN TIiE hl6SSDAUER EFFECT. 
V.A. Byukhanov, V.I. Gol'dmskll, N.N. Delyzgin, L.A. Korytko, 
E.F. hlakarov, I.P. Suzdalev and V.S. Shpinel'. In Russian. 
Zh. e k s p r .  teor. Fiz. (USSR). Vol.43. KO. Z(8). 448-52 (Aug.. 1962). 
Engllilh translatioil In: 

It was found in Iwestigating the blYssb~uer effect in tin-orWlr 
compounb that singlpt hIUssbauer lines a,qear In compounds wltb 
four identical substituents (SnCI., Sn (C.H,).) ahe re i s  i f  afferent 
substituents (RSn Xel) a r e  present in the molecule a very s t r m  
doubld splitthR Of the hl!hsbauer lines occurs (the tvo  peaks 
SmetimeS brlng different in Intensity and width). The ~IUssl~nUCr 
effect was observed In amorphous media (tin-containtng glass! frjr 
the first time. Some data were obtsincd which Indicate that the 
decisive factor determining the shapes of the hlusshauer spectra 
(Immer shlft and quadrupole splittirrg) a r e  the molecular bonds  
Closest to the tin nuclei. 

s ~ v l e t  Physics-JETY (USA). 

The recoilless nuclear resmance absorption of the 8.42 
? - ray of TmIa In the oxldc crystd was Investigated. The source 
'Er,O,) and the absorber (Tm,O,l were kep( at room temperature. 
The measured Mbssbauer spectrum l nd lca t eap re  quadruple 
splltlin): of the 8.42 k e V  nuclear level of Tm for the thulium Ion. 
with C,-symmetry as well a s  for those w:th Cs1-bymmetry. The 
tnrrgy of the electric Interaction was found to be Wel(C,) = 8 x 
* 10' e!' and Wel(Cai) = 1.9 x IO-' eV. 

VELOCITY SMFT OF THE M ~ S S B A U E R  RESONANCE. . 
' 15301 A.A.Maradudin, P.A.Flinn and S.Ruby. 

Res. iUu) .  VOI. 126, NO. 1, 9-23 h p r r l  1, 1962). 
fie mean square velocity of an Impurity atom in a crystal 

;Illl,'e was evaluated in both the low and high temperature limits. 
yrwlt for ihe hish temperature limlt includev the effect of force 

c J n h t ~ t  dilkrenreu between W h t e  and solvent atcms a s  well as 
effrt.t d mass difference. The effect of a mass difference done  

.I quite small in both the low temperature and high temperature 
7,~zi,)n5 A dctermiwlion of the h1Usshauer peak pmlilon as a 
!.ml:,,n ,I! t rn iper~ture  in the hich trniperature range c3n be used 
: .  +lAin J value of isi;mcric shill fu l ly  correct for tkc wcond order 
IJ pi'1t-r shill  assorlrtc-d with the v15r~tion of the a lmis .  I?! midition. 
,! 1ht, cqwrimrntal data arc  sulllcienfly precise. the etfective 
5:.ff"t~bs w i l h  whirh the atoms are  bound In the lattice may be 
:,:rrn,inc.d. The calculation is illustratcd with enpcrinirntal data 
! I fe'' dLsbolvcd in brrylliuin md In s t a id r s s  steel. 
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SOLID-STPTE PHYSICS - continued 
OH THE THEORY OF THE hldSSBAUER EFFECT. 

9999 FSauter  and D.Wagner. 
2.  Katcrforsch. (Germany), Vol. 17, No. 1, 30-6 (Jan., 1962). 
In German. 

It Is shown that an understandlng of the Mossbauer effec* Is 
posslble from the polnt of vlew of classlcal physlcs. Quantum :heor). 
Is taken Into account In the manner usual In optical problems. The 
rnaln polnt oi thls scmlcbsslcal  Interpretation conslsts In the ldca 
that the recoll momentum glven t o  the emlttlng nucleus In the l i fe-  
time T Of the )-ray Is dissipated durlng thls tlnie by the Lttlce 
vibratlons so that the Doppler shlft Is unobservable. An analysis 
of the contlnilum Part of the spectrum follows lfi analogy with 
yon ~ u e ' ~  treatment of X-ray scattering from a crystal at  a finite 
temperature. B.V .Thcmpson 

hIbSlMUER EFFECT ISOMER SlIIlT O F  Fe"IN 
SIIJCON AND CERhUNIUM. 

P.C .Norem and C.K.U'i*rthrim. 
J. Phys. Chrm. Solids ICB). Vol. 23. 1111-18 (Aug., 1962). 

The hllbsluu..r spt-clra of ).e" it? n- and p-type silicon knd 
germanium w c r c  htudird. In silicon. iron produced by the decay of 
colu.. )Ws a don~li,.int, unsplit absorpt on ai  -0.0012 t 0.0003cm scc 
dopplcr vr11x.ity relative l o  p>tassiuni ferrocyanide. No difference 
in isomcr ahifl w a s  ubswvrd lwtwt.cn n- and p-type silicon, lndicat- 
lng thal the iron trstcd was elcrtrically imctivc. The spectrum d 
substitutioml Fe" vas idvntified uith an absorption i t  
+0.054 t 0.004 c m  sc'c showing lrss than 3 hfc I elfctric quadrupole 
splitting. The spvctruni of iron produced by the decay of c o b l t  in 
yvrnwniuin i s  a dvublrt with an Isomer shift of t0.036 t 0.001 cm sec 
and with a qudrupolz splitting of 5 Mc s. It Is assumed thrt this 
splitting i s  due t o  the 3symnirtrlcal posltions of the Fe'and Fel' 

-atom?, in the &wRHmttf&atiee. Sedifhences i d s o m r  shift OF 
qwdrupole splitting were obsi-rved between Iron In n- azd p-type 
germanium. indicating that the iron i s  rlectrlcally irucUve. 

. 

LDIE SHAPE IN hlOSSBAUER SPECTROSCOPY. 

Rev. scl. Instrum. (USA). Vol. 33. No. 1. 27-30 (Jan.. 1962). 
The line snape. amplihdc and half-wldth t o  be expertcd from 

a natural llnewidth thin source and a natural Ilncrldth MfissbJuer 
absorber w3s computed as a lunctlon ol the thlckness of the 
absorber. The experimental result. uslng strlnless steel source 
and absorber a d  correcting for backgrourd. has  double ule 
ex,Jccted wdth .  but nearly the correct Iractlonal change In rctc. 
This Is complible .xilh A blur ring due to  disslmilar mlcm-  
environinents ol a b u t  $0.10 mm see. 

3471 S.L.Ruhy and J.M.Hlcks. 

lo300 hl6SSRAUER EFFECT IN SOALE IItON--IL\RE EARTH 
INTER11 ETA L U C  CON I'OU hDS. 

G . K. We n h e  i m and J . H .We rnick. 
Phys. Rev.  (L'SA). VOI. 125.  N,;. 8. 1917-49 (March 15. 1962) 

The magnetic properties c t f  lrun in ru1)Ic L?;es-phasc 
co.rrpurds hrving Ihc A1gCu4 structure were investifidtcd using the 
Fe" Alt5ssbauer cflecl. The field a t  the nuclcus w a s  I,,und la1 be 
230 f 5 kOe in all conrpwnds exwpt  CeFc, she re  ;XU dimtinct 
hypcrlinr struclurrs were resolved. fhe results irdic.ite th.it the 
cmfigur3tion o f  the iron atoms is the ~ 3 . 3 ~  in all lhcsc ct)nllx?udS 
and thJt lhe contributilln to  thc h)perIine fwld 1;s lhe conduction 
electron polarization is r i th r r  very  s n u l l  or else domin;t:rd by the 
iron d shcl l .  The more complrr bchavicmr in CeFeI i s  a s s ~ c i r i e d  
with the Iranbfer of the ceriuln 41 clcrtr,Jn t0 the  irOn d band. The 
Isomer shi l l  indicxes 1h.it this electron IS n t t  lcralized on a 
pr t icu lar  i r m  atom. uhile the existcncc ,,f twij distinct h)pt.rlinc 
fields suggests t h l  there may b r  a s ; ~ c t i i ~ l l g  perrfdic spin dcnsrly 
lluctuation in the d band. 

* -  

MOSSBAUER EFFECT IS IRON crm ACETYLACETON- 
2(w09 ATE ASD CHEhfICAL COSSEQUESCES OF K CAPTURE 

IN COBALT (If11 ACETYLACETONATE. 
(;.K.Weriheim. W.R.Kmgston and R H.Herber. 
J. chem. Phys (USA!. Vol. 37, No. 4. 687-YO (Aug. 15, 1962). 

The resonance abswptlon of 14.4 keV gamma-rays in Fe" 
(Mossbauer effecl) was observed In Fe(II1) and Co;W acetylaceton- 
ate. the former used as 
into metalllc chromium. the latter a s  a Cos' labelled source against 
a K,Fe(CN), ( 3 8 ~  Fe") absorber. The Fe(II1) icetylacetonate 
absorber spectrum shoas a single broad line (r, = 1.83 f 0.09 
rnm sec-') with an Isomer shift of 0.50 t 0 09 mm sec-'. The 
Co(1l  acely1acTtmate s%Ece Shows? complerspcctrumhxch 
can be resolved into a single peak assigned to  Fe(1Il) and a quadru- 
pole spllt paJr of llner asslgned to  Fe(tI). These &ta u e  Intcrprc(- i 
ed In terms of the chemlcll consequences followlng K caflwe in 
Cos'. and scggest a twofold preference for the stabilltation of the 
htgher charge state In the Co (HI) acelylacetonate matrix. NO 
cvldencc for lonlc charge e a t e s  hlgher than St Is observed. md 
It Is assumed that these specles - if formed as a eonscquence o( 
the prior nuclear event - have been reduced to the observed 
states In l lmes short compared t o  lo-' bec. 

absorber aqainst a source of Cos' AiffusCd 

~ 

3817 MOGSRAUER EFFECT IK Sn"' IN NORMALLY AND 
SU PERCOSDUCTING C0NDITK)N. 

W.H.Wicdeniann. P.Kienle and F.Pobell. 
2. Phys. (Cermanyi. Vol. 1C6. No. I .  109-14 (1962,. In German. 

The number o! hlbsbauer quanh from the 23.8 keV sUtc d 
Sn"' in a tin metal wurce w;u measured after attenuation by a 16.1 
16.1 my. cni' absorber of tin metal as a function of temperalure 
above and below the superconluctivity transition p in t .  Source a d  
absor t r r  were kept at the same tenrperature. The data glvc 
evidence ol a discontinuous change at the tramition temperature: 
Thr? trr-n:itted in!ensity i s  lowertd by ( 1  3 t 0.15) t IO-' in the 
eupercorducting state ol source and absorber. Thia corrrspon4r 
to an increase in the &bye-Waller factor d about 0.4% 
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THE M~SSBAUER EFFECT IN TIN FROM 1 2 0 ' ~  TO 
3604 THE MELTI1;C P9INT. 

A..J.F.Bq4e, I).S.P.Bunbury. C.Edwards and H.E.Hal1. 
Proc. Phis.  SC. (GB), Vol. 77, Pt 1. 129-35 (Jan.. 1961). 

resonance absor2tlon of the 24 keV y-ray from the decay of Sn"" 
In metallic tin from 120'K to the melting point. Values of the 
Debye-WaUer factor deduced from the data tend towards the values 
calculated for a Debye G of 14Z°K at low temperatures; the behaviour 
of the Debye-Waller factor a t  higher temperatures indicates 
considerable anharmonicity of the lattice vibrations. Comparison 
with evidence from the thermal expansion and specific heat scggests 
that the quartic term In the interatomic potential is positive, and 
that the ratio o! quartic to cubic te rms  is of the same order as the 
ratio of cubic to quadraiic terms. In the last few degrees below the 
meltlng point the resonance absorption shows a rapid drop accom- 
panied by an increase in line aidth. It is suggested that this effect 
is due to enhanced self-diflusion in ths solid. and it is estimated 
that the diffusion coefficient reaches a value of loJ cm' sec-' *ut 
0.6.K below the melting point. 

Measurements were made of the intensity of the recoilless 

539.14 
13128 ZEEMAN EFFECT IN M E  RECOILLESS >-RAY 

RESONANCE OF zn". 
P.P.Cralg, D.E.Nagle and D.R.F.Cochran. 
Phys. Rev. Letters. Vcl. 4, No. 11, 561-4 (June 1. 1960). 

the influence of the nuclear Zeeman effect and other perturbation6 
upon the Mossbauer effect In Z!iw embedded in an enriched ZnO 

laf€ice; t Tentative &iscpsstmis made oHJx4acters-which posslbly 
contribute to the features of the resonance curve obtained. 

. E.A.Sandersnn 

A detailed description 1s given of measurements carried out on 

P.P.Craig, R.D.Taylor and D.E.Nagle. 
N o v o  Cimento (Italy). Vol. 22, No. 2, 402-5 (Oct. 16, 1961). 

measurdfor Fe" as a very dilute impurity in metall ic In. The 
resonance amplitude is found to remain substantially unchanged in  
the temperature interval 0.3S0-4"K, showing that the Debye tem- 
perature of In Increases  by less than 3 deg K in th i s  temperature 
range. Specific heat measurements on In had indicated a possible Deve t e r p e r a h r r e  change of 12 deg K. As L- 1.0 source  is cooled frGm 
300 to 4 K the resonance amplitude increases  by only 50% in con- 
trast to the minimum of 500% calculated f r o m  the Debye-Wdler 

The  amplitude and width of the hllJssbauer resonance in Fe" M S  

factor. 

539.2 
THE HYPERFINE STRUCTURE OF PRAYS. DUE ro ' 2b788 

LATTICE. N.N.Delyagin. V.S.Shpine1'. V.A.l)r).ukhanov and 
8.ZVengtinsliir. 
l h .  eksper. tmr. F I ~ . ,  voi. 39, NO. l(7). 220-2 (JUIY. 1960). 
In rtusstm. 

The hyperfine structure of the 23.8 keV excited state of Sn"' 
u3s Investlg~ted. by nic.lns of a hlussbauer-type es!miment in 
''hich the velocity of the source changed iinear!y with time. The 
distrnCe between the coniwnents of Uie hyperfine structure was 
! - - r d  iu be (1.15 + 0.25)  x lo-' eV, but lack of knowledge Of the 
riCctr!c field gradient i n  crystalline tin prevcntcd the dctermlnatlon 

EASanJcrson 

THE CUADRUPOLE IXIERACTION IN A CRYSTAL 

thr q u d r u p l r  niomcnt of the exrlted state. 

PRESSURE DEPENDENCE OF THE ~ ~ ~ S S B A U E R  
lgfjg4 EFFECT. R.V.Hanks. 

phys. Rev. (USA), Vol. 124. No. 5. 1319-20 (*e. 1, 1961). 
Ti,e pressure  dependence is examined and express ions  are 

given (in the Debye approximation) for the probability of recoi l less  
emission (absorption) a Y  a iunction of the specific volume. It Is 
concluded that the effect of pressure  i s  sl ight for meta ls  such as 
Zn, Sn, etc.. but that more  compressibuie e lements  shouldexhibit 
observable pressure  dependences at moderate pressures .  A 
calculation i s  given which predicts that the recoi l less  emission of the  
81 keV line in C S ' ~  should become observable at a p res su re  of 
about 5000 atm. Some additional experlments involving the  above 
p res su re  dependence are a lso  discussed. 

ON THE PARTICULAR ROLE OF THE OPTICAL BRANCH 
19595 IN THE MOSSBAUER EFFECT. yu.ragan. 

Zh. eksper.  teor. Fiz. (USSR), Vol. 41, No. 2(8). 659-61 (Aug., 
1961). In Russian. 

It is shown that analysis of the intluence of the optical  branch 
of the phonon spectrum in c rys ta l s  on the magnitude of the  
Mossbauer effect may explain the anomalous tempera ture  Cepend- 
ence of the effect recently observed in SnO, and Dy,O,, in which the  
she  of the effect falls  much more  slowly with rising tempera ture  
than anticipated. [English tramlation in: Soviet Physics-JETP 
(USN]. G.E.Murphy 

~ ~ ~ WE M P ~ ~ ~ ~ ~ B A W R E F F ~ C T  rn w s 8 -  ~ D u T O M L C  
55* CUBIC LATTICES. Yu.Kdagan and V.A.Maslov. 

Zh. cksper. teor. Fiz. (USSR,. Vol. 41. No. 4(101, 1296-1301 
(&I., 1961). In Russlan. 

central as well a s  non-centnl tybes of interaction with the nearesl 
neighbour I s  taken Into account. Derives an expression for proln- 
bility of the Mtissbauer efferc at  T = 0 as well a s  at an arbilrary 
temperature. The case of a &atomic lattice. when one of the a t o m  
Is an emitter. is analysed. It is shown, in pcirticuhr, t!ut for a 
light emlttcr In a diatornlc lattlce, the efPct may be larger than 
that In a monoatomic lattice wiLh the mrne Debye temperature. It 
Is found that, la the general c3se. the Debye temperature for a 
diatomlc lattlre does not even approximately c b r a ~ t e r l z e  the 
probability of the hfossbauer effect. (English translation in: 
Soviet Physlcs-JFTP ( U S ) J .  

hlonatomlc and diatomlc cubic crystals are considered and 

8156 THE hl&BAUER EFFECT FOR AN IMPURKY 
NUCLEUS IN A CRYSTAL. 

Yu.Kagan and Ya.A.bsllevski1. 
Zh. e k p e r .  teor. Fiz. (USSR), Vol. 42, No. 1, 259-72 (Jan.. 1962) 
ln Russun. 

The probability of the hlMssbauer effect Is determined for m 
impurity nucleus at the lattice point of a crystal. The chmge in 
the mass and also force conetants due to L h i  tmplrity lattice 
point are taker. into account. The role of a discrete md  quasi- 
COntinuCuS phonon spectra Is analyscd The cabe of a cubic cr)*taI 
is considered in detail. The final fo rmul~e  depend on  thepr~,wrl~er 
of the basic lattice only by means of the distribution function !he 
phonon frquenc) spectrum. Explicit expressions a rc  gtvfn for 
the probability of the effect in the limiting C ~ S ~ S ,  w h e n  the m i s s  of 
the lnipurily atoms Is small  or large a.. corrtpared to the mass Of 
basic lattice aloms. [ Engllkh translation in: Soulet Physlcs--JETP 

I 

(USJUI. 
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LPTTICE MFCHIPNICS - continued 

DEBYE-WALLER FACTOR IN MOSSEAUER INTER- 
"14' FERENCE EXPERIhfEN'S. H.J.Lipkin. 

Phys. Rev. (USA), Vol. 123, No. 1, 62-3 (July 1, 1961;. 
A simple calcuiation i s  presented of the effects of lattice 

dynamics on interlerence between bltlssbauer processes and cor re s -  
ponding atomic processes,  Le., between hl:ssbauer and Rayleigh 
scattering, o r  between internal conversion of h¶Ussbauer radiation 
and the photoelectric effect. When the energy of the emitted y-ray 
or electron I s  not measured, it IL necessary to sum over all possible 
final s t a t e s  of the lattice. The Interference contribution is found 
to be attenuated by the s a m e  "Debye-Waller" factor as the ordinary 
Mussbauer contribution, dcpending o d y  upon the momentum Of the 
inclderlt y-ray. If the encrgy of the emitted y-ray 1s measured 
(e.g., by a Brzgg scattering experiment), the atomic contrihuiion IS 
attenuated by the usual  X-ray Dcbye-Waer  factor, depending 
upon the momentum transfer ,  the httlssbauer contribution by the 
square  c! th.e u s u a l  MUssbauer factor,  and the interference term by 
the geolnctric mean of the a ton ic  and h- 'Yssbauer factors. 

5 



269j . khsbauer  study f byperfine solid, quadrupole interaction, 
and isomer s h i f t  I n  re5? i n  Fe%,OO, FeSLSO and FeS1,07. 
K. Ono, A. It0 and E. Hirahara. J. fhys, &. Japan, ~01.17, 

The hyperfine structures of Fe57 in FeSl oo, FeSleO5 and 
FeS1.07 were irmestigated by MGssbauer aborpt ion,  The 
extrapolated vaJ.ues of the magnetic f i e lds  at the i ron  
nuclei in Pes1 oo, FeS+*osand FeSl,07 are 328, 318 and 
324 kOe at O%*rcspect ve 
quadrupole Interaction i n  FeSlao5 at 2?Oo and ,<;O% have 
opposite sign and t h e i r  r a t io  is -2.8. me corremnding 
r a t io  in'FeSl.07 I s  -2.0. This indicates that' the anti- 
ferromagnetic easy axis changes by goo through tbe t rahs i t ion  
temperature from the c axis, which is considered as the 
direction of the la rges t  e lec t r ic  f i e l d  gradient, onto the 
c plane, while direction and values of the e l ec t r i c  f i e l d  
gradier)t remains unchanged. Observed i n t s r n d  menet lo  
fields quadrupole coupling constants, and isaner shifts 

NO. 10, 1615-20. (0Ct.a 1962) 
- 

The e n e r a  s h i f t s  due t o  the 

a t  various temperatures are given. 

10299 hY6SSMUER STUDY O F  HYPERFINE FELDS AhD 
ISOMER SIIIF'TS IN FeaS AND (Fe.SlkN. 

C.Shlrase, WJ.fakei  and S.L.Ruby. 

Mosslmuer measurements of Fe" were made on ferromagnetic 
Fe,N. which has a fare-centred cubic arrangrmcnt of iron atoms 
with nitrogen a t  the body-ccnlrc prsition. Thc hyperfine fields are  
345 kOe l o r  the corncr Fe and 215 kOt. rur the thrcc /arc-crntre 
Fe,  approximately proportiotul tri lhetr ni.ignetic rnonicirts. 3 ,.B 
and 2 Po. The isomer shifts. measured against a stainless steel 
M U r C C .  a r e  0.30 mm,'scc lor the corner Fe  and 3.45 nlrn scc for 
the f3ce-cetitre Fe. These values a r e  in line with their p r o p s d  
electronic c n n f i ~ ~ r a t i o n s  of 3dT4s and 3d'is. uhlch a r c  drrivrtl on 
the assumptioir that the nitriqcn at thc hxiy-rc * l I w  pisition acts 31 
an Clcctron "dunur" to the fJCe-centre Fe .  The hlosallaucr SpcCtrd 
Of (Fe,  , . H i ,  JS and (Fr,Si!S arc consistcnl uith thcir urdcrcd 
Structures iq uhich S i  rcplaccs thc corner Fc prcit.rcmti;rlly. 

Php. RcV. (USA). Vol. 126. NO. 1. 49-52 (Aprll I .  1962). 

h e c  

M~SSDAUER EFFECT IN EU"'; POSSIBLE MFLL'ENCE 
2049u O F  OPTICAL BRANCHES. 

D.A.Shlrley. M Kdylan, R.W.Crrnt and D.A Xrllcr. 
Ph,s. Rev. (USA). Vol. 127. No 6. 2097-2100 (Sept. 15. 19G2). 

In Eu"'. The absorption pittern I s  P slnglc Ilnr. Indeprndcnl 
of temperature, a s  cxpertcd for an Ion In uhirh Ihr ground level 
has J = 0. A lower l lrnlt  or 0.92 *. IO-' sc-I ran be set on the Iifc- 
tlme of the Isomerlc slrte. The 21.7 kcV trrnslllon Is. thuq. almut 
a factor of 100 s l o w r  than (he single-pr t l r le  estlmatc. Thr  
large d l s r r c p n r  bctween lhc Debyc 1empcraIure.i rcqulrrd tu  
Ill the data of ??and 295'K I s  ~ltr ibutcd to thc influrnce I,! optical 
branrbcs. 

The Mtlsslwuer erfcrt w3s observed In the 21.7 LrV transltinn 
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LPTTICE ~ C H J ~ C S  - continued 

8155 THE MC)SSBAUER EFFECT ON TUKGSTEN IsorOPts 
0.I.Sumbaev. A.I.Smlrnov and V.S.Zj.kov. 

Zh. eksper. teor. F t t .  (USSR!, Vol. 42, No. 1, 115-23 (Jan.. 19621. 
In Russbn. 

The dependence of non-recoil nuclear resonance absorption d 
the 107.09 keV W'O and 99.07 keV and 46.48 keV WId levels 00 

the relative velocity between the source and absorber was 
Inveztlgated. The exprlmental arrangement was of such a t)gc 
*at the measurements could be carrled out In the usual manner b~ 
e:?p:nting !!!e resonance line wlth the aid of a sclntillatlon counter 
as well as by uslng for thls purpose a focusing crystal d i l ln r tm 
7 -spectrometer d the Du hlond type with a resolving power of 
wveral tenths d a percent. The source (metalltc tantalum) and 
:rbsorber (metallic tungsten) Debye temperatures measured on tk 
hsls  of the magnltude of the effect were found to be 2801::ud 
J20f:: O K  respectively. Contrary to the conclusions of de Nercy 
(Abstr. 7533 of 1960) the cbscrved Prrect In all cases was not sm3r 
than the theoretlcal value. The total widths of the indicated Iweb 
were measured. The wldth of the 100.09 keV level agrees with tlut 
4erlved by the Coulomb excltatlon method (Abstr. 9036 d 1958) 
by delayed coincldences (Abstr. 5605 of 1955) but is no( consisted 
with the result of a previous experiment on nuclear reso.unce 
absorption In Wio (Abstr. 412 of 1960). The experimental valuer 
of the widths a re  in agreement wlth the (heoretical ~ l u e r  
(Abstr. 4618 of 1957). (English translation in: &viet physics- 
JETP (USA)]. 

_ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ _ _ ~ _  
~ ssQ.2 :t3(.1t- - -  

FGXOILLESS RAYLEICH SCATTEmG IN SOLIDS. 
11560 C . h a r a  and R.Barlout;rud. 

Phys. Rev. Letters. Vol. 4, No. 8, 405-6 (Aprll 15. 1960). 

Bragg X-ray scattering by a solid at temperature T was determrd 
fo r  Pt, AI, graphite and paraffln by detecting the proportfon d 
reoilless )-rays uslng the M6ssbauer effect. The Raylei@ 
sca t t e rkg  was studied at 80' and 300'K. The agreement bebeets 
the experirnenkd ~d calculated vahes of a at SO% IS p d .  

The Debye-Waller factor c p ~  fo r  the reductlon In Intensity d 

E.A.S&W 

SURFACE EFFECTS IN THE SECOND-ORDER 
DOPPLER SMFT OF THE MOSSOAUER RESOSANCE. 230(7 

R.F.Wallis and D.C.Cazis. 
Phys. Rev. (USA), Vol. 128, No. 1, 106-10 (Oct. 1 ,  3962). 

The second-order Doppler shift Ir. the !Gsstuuer effect depend. 
upon the meall-spars velocltles of the emlttlng and absorbing 
atoms. On the bash of a theorem discussed by Born In connection 
with the Iattlcc dynamlcal theory dU;e Debye-Waller factor. a 
general expresslon I s  obtalned for the mean-square velocity d an 
arbttrary atom ln a crystal Lattke, assurnlng harmonlc forces. T b  
result 1s n l l d  for any temperature and may be appl ld  io latt!cer 
havlng free surfaces or impurltles. Approxlmate expresslonr a re  
developed for the high- and low-temperature ltmlts. The genemi 
results a r e  applied to specUlc calcdatlon of Ihe mean-square 
reloclty for atoms at or near a free surface. Ordlnarlly, thc 
mean-square velocity turns out to be smaller for  an atom at the 
aurface :bn for one in the in!erior d thecrystal. TCIs Is a come- 
querke of Lje surface atom belng llnked to fewer nelghbourlrg atoms 
t h a n  IS the case for an lnlerlor atom. It Is conc!u2&, hczcvcr, 
that whe'her or not a crystal lattlcc possessc.~ surface modes d 
rlbr,:lan has llttle direct bearing on the mean-square veloclty JI 
surface atoms. 

. 



539.14 
THE INFLUENCE OF ULTRASONICS ON THE C?IISSON 
A N D  ABSORPnON OF >-RAYS WITHOUT RECCiL. 20335 

A.Abragm. 
c.R. Ac;ld:Scl. (Paris), Vol. 250, No. 26. 4334-6 (June 2’1, 1960). 
In French. 

1t IS shown that the Introduction of ultrasonics into a c r y s t d  
cOnhinlng >-radioactive nuclei facilitates the frequency scanrJr: cf 
L$O m s s b a u e r  spectrum. E.A.Sanderdm 

539.14 

SOME POSSIBLE APPLICATIONS O F  RESONANCE 
SCAl  nm”ER O F  y -RADIATION. 

I.Ya.Bar it, M .I .Podgor et ski1 and F .L Shaplro. 
Zh. eitsper. teor. Fiz., Vol. 38, No. 1, 301-2 (Jm., 1960)- 

9523 

In Russiul. 
The*Yossbauer effect (Abstr. 9040 of 1958; 1368 of 1960) 

bm’, Zn , Gam 1s discussed as a possible tool for the measurement J.W .Gdner Doppler. Zeeman and Einstein shlftr. 

529.14 : 530.12 
UPPER LMIT FOR rm ANISOTROPY OF INERTIA ’ 7470 

G.Cocconl and E.ESalpeter. 
Pbys. Rev. Let ters ,  Vol. 4, No. 4, 176-7 (Feb. 15, 1960). 

It Is shown how the use of the MUssDEtuer effect enables an 
upper llmit to b e  placed on the variation of inertial mass r i l h  
direc?!mcf acceleratlon. Present  resu l t s  indicate that AM/M < -lo-“ 
but i t  should be possible to Improve th!s limit considerably. 

E J.Squirer 

FROLf THE M U U E P I  EFFECT. 

539.14 
WIDTH AND INTENSITY OF THE M ~ S S B A U E R  LINE IN 

15518 IRON-57. M.Cordey-Hayes, N.A.Dysor. and P.B.Moon. 
Proc. Phys. Soc., Vol. 75, Pt 5, 810-12 (May 1, 1960). 

Sources of Co” have been premred by beatingand rolling a 
fragment of a cyclotron target containing 2.2‘j Fe 
of 20 mgcrn-’and alsoby coprecipitationof Co’ and Fc”hydroxides 
followedby reductiontothe metal. Th-se sources. togetherwitha24.7 
tng cm-a absorber were used to deterrnlne the width and Intensity af 
the hlthsbauer resonant absorption line for the 14.4 keV ) -radiation 
d Fe”. The ratio of the counting rates wit!! the source rnoviq to 
those with s w r c e  stationary was plotted for different source 
velocities and the results lnjicate that the s x r c e s  were e-nitting 
lines of natural width. Using another, isotopically enriched, absorber, 
the experiments yielded a value for the fraction of radiation en:it?ed 

‘ ln the ”;LTrow line arid hence the Debye-Waller factor f o r  the source. 

Debye telnperature of 355’K for Iron. Also, a value of 1.4 x 10‘ cm’ 
w s  obtained for  the initill cross-scctlon for resonance absorption. 
This result is fairly consistent with full splittine In the in!ernal 
, n a p e t i c  !lelc ! . s  ‘lie levels concerned ia the transition. 

to a thickness 

This was - 60% compared with an expected value of 72‘1 J s s u r n i n  F9 a 

ri.E.Meads 

539.14 : 530.12 
MEASUREMENT OF THE GRAVlTATJONAL RED 
SkIIFT USlNG THE hldssBAuEp EFFECT I N  Fe”. 7468 

T.E.Cranshxw, J.P.Schllfer aid A.B.W!~itehead. 
Phys. Rev. Let ters ,  Vol. 4 ,  No. 4. 163-4 (Feb. 15, 1960). 

The experinlcntal arrangement is  d e s c r i k d .  The difference in 
height was 12.5 metres ,  which give; an expected fractlonal red shift 
of 1.36 X IO-”. The observed shift WAS equal to the expected shlft 
rnultiplled by 0.96 f 0.45 E J.Squlrer 

539.14 
EXPERIMENTS TO TEST EINSTEIN’S PRINCIPLE OF 

7467 EQUIVALENCE. T.E.Cranshaw and J.P.Schitfer. 

Describes experiments utillzlng the hltrssbauer effect car r ied  
Nature (London), Vol. 185, 653-4 (March 5, 1960). 

out independently a t  Harvard and at  Harwell on measurcment of the 
frequency shift due to the difierence of the gravitstional potentlal 
between an Fe” emit ter  and an absorber placed at  different heighta. 
In another type of experlment, a t  Harwell, a rotating system waa 
used glving accelerations of up to 65 000 g. The preliminary resul ts  
are of the right magnitude. WAHepner  

539.14 
MiisSBAUER EFFECT IN Fe” AT VERY LOW 

I X 3  TEhlPERATURES. J.G.Dash, R.D.Taylor, P.P.Cralg, 
3E.Sqle. D.R.F.Cochran and W.E.Keller. 
h~ Rcr. Letters, Vol. 5, No. 4, 152-4 (Aug. 15, 1960). 

The eifect on the lntenslty of the MUssbauer absorption Fattern 
Jf a Imperature difference between s o x c e  and absorber W a s  in- 
:*s!iFited. The results showed qualihtlve agreement with theory 
1-J demonstrated that the hyperfine fleld in Co” Is parallel to that 
:: Fe, Le., opposite to the ferromagnetic domain magnetization. 

E.ASanderson 

e 

CONTRIBUTION TO THE TiIEORY OF THE 
3389 M b B A U E R  EFFECT. I.P.Dtyub and A.F.Lubchenko. 

Dokl. Akad. Nauk SS%, Vol. 136, No. 1, 66-9 (Jan. 1, 1961). 
In Russian. 

and the presence !n the spectrum of unshifted llnes, taking Into 
accomt t k  deqendencs, upon the nuclear state, of the equillbrlum 
positions and the normal frequencies o l I h e l a t t r c e . ~ e l e m p e r ;  
ature shift of the Yossbauer line is determined. Maxima corres- 
ponding to emission and absorption a re  separated by a distance 
greater than the nuclear recoil energy from the hlossbauer line, the 
intensity of which is also decreased due to the effects of the dis- 
placements of the nuclei. [English translation In: Soviet Physics- 
Wilady (USA)l. E.A.Sanderson 

Studies the cr i ter ia  determinlng the shape of the Intenslty curve 

0 

539.14 
OBSERVATIONS ON TIiE br&BAUER EFFECT IN Fe”. 
S.S.Hann.a, J. Heberle, C.LltUejohn, C.J.Perlor. 5M3 

RS.Preston and D.H.Vincent. 
phys. Rev. Letters, Vol. 4, KO. 1, 28-9 (Jan. 1, 1960). 

MIJssbauer resonant absorptlon of the 14 keV y-ray from the 
first excited state of Fe” was measured at room temperature and 
at Uquid nitrogen temperature using comblnatlons of sources and 
absorbers efther in the metalllc form or in the form of Mi. h y e r s  
of ~eSO,.7&0. ”he results s h o w  that the bftlsshauer absorption ir 
greatest for a m e b l  foll and me:al absorber, but that appreciable 
absorptlon also o c c u ~ s  using the non-metalllc samples, ind that th.~. 

greatly enchanced at low temperatures. For a metalllc source 
md absorber at room temperature the transmlsslon of the absorber 
wad measured an a functlon of source veloclty. Uniform source 
velocities a8 low a s  10 microns/sec were obtalied by mounting it 
on the carriage of a lathe. The transmtsslon dips were about twice 
the natural ltne-width (4.5 X lo-* C v )  and o h w e <  an area varlatjon 
with foil thickness characteristic of a “thick” absorber. A-I estimte 
of 0.6 vas obtained for the fraction of nuclel emitting or abso&lw 

recoil at room temperature, and the absorption cross-sec-  
tion at resonance w ) 9  found to be approximately 1.4 X lo* barns. 

R.E.Mead. 

QUANTUM MFCItANlCAL CALCULATION OF 
349 M ~ S S U A U E R  TRANShllSSION. S.M.Harrls. 

A qu.ir,luni -mer t6inlcrl crlculat Ion of t h v  lime - d r p  ndent 
hlorsluucr trdnsmission IS Iwrh8rnir.d n e ~ l r r t l t ~ ~  wllt i -alalc  rffrrlr 
The sburt’e crin~ldcrtd rtm,ids o f  nurl t .1  whlrh dcc..ly V I 3  a two-  
phoncin cascJtIt., thr >rcoiid ( 1 1  w h i c h  IS cniii1c.a wi lh* lu t  r . ~ c < * i l  And I s  
sut~jcrt to rcwnant at>>ibrp~~.iii tiy A fc,II ulis>w rvsotunrc ni.iy tw 
shifted due I d  J sin.111 rvldlivc \t,liicit) Iwtuccn ~ u : C c ’  rnd tbzurlnr. 
The Iransiiil.sslm I s  o t c i i n e  d u h c n  Itir lrrr;sniilli.d rwi~iI l t*ss  plia.I.in 
1s mr3surt.d i r i  rt,inc.idt nt  c ~ i t h  thv lirht pt:*dt,n t b f  tht. i..iw.idv. Thr 
results IS in a~rci’nicnl u i l h  tb.11 ol.tlinrd by considvrlng l tw 
at)wrIK.r a s  a r t d ~ s i c . i l  dii-lt%lrir shtJ r a p i l h >  of .itt%)rpt.,Cm 3nd 

Fhys. Rev. (USA). Vol. 124.  KIP. 4 ,  1178-85 (NIIV. 15, 1951). 

txiundiry condition. 



ELFNENTlrRY PPPRTICLFS - NUCLEUS - continued 
539.14 : 530.12 

MEASUREhSENT OF THE RED SHIFT IN A N  
ACCELERATED SYSTEM U S N G  THE MbssBAUER 7469 

EFFECT 1s Fe". 
HJ.IIay, J.P.Schlffer, T.E.Canshaw and PA.Egelstaff. 
Phys. Rev. Letters ,  Vol. 4, No. 4, 165-6 (Feb. 15, 1960). 

The Co" source used in this  experiment was plated cn to 0 
0.8 c m  dlameter  iron cyllnder which was rotated at  speeds UP to 
500 C / S .  
2.44 x io-"' w', which could b e  o b s e r a d  at angular velocities dovn 
to at,& 50 c/s. The q r e e m e n t  with the expected shut i s  good 
throughout the range of velocities. 

The expected fractional &Ut in the energy was 

E.J.Squuer 

CAPTURE OF SLOW NEUTRONS BY NUCLEI BOUND 
5927 IN CRYSTALS. 

H.E Jackson, L k B o l l i n g e r  and R.E.Cot6. 
Phys. Rev. Let ters  (USA), Vol. 6, No. 4, 187-9 (Feb. 15, 1961). 

The neutron analogue of the MUssbauer effect is lnvestigated. 

'The Moessbauer effect and in meaning. t'as. Kanne- 
l a k q m ~ ] ~ ~  Kernfogch~in zcnrmm, Karlsruhc, Gv.). 
Chim. Chfvnik'd (Atheas, Eee~e) 27, 37-%1%2~ 
View- Cvtrm S. Indcssls 

t.i= 

339.14 
13131) THE M~SSBAUER RADIATIOX. 

W.E.Kock. 
Science, Vol. 131. 1588-90 (May 27, 1960). 

Survey article.' 

TEE M&~SBAUER EFFECT. A CONFERENCE REPORT 
600 DS.Uebermm and E.Wscher. 

The conference w a s  held at the University 0: g~m31s on 
5-6 June, 1960. Over 80 physicists attended from 9 countries. They 
reported On their most recent. unpubltshed experiments a d  dis- 
cussed ideas for future research in the field of recoilless p a m a -  
m y  absorption. 

hYs- T h y  (UM). VOl. 13, KO. 11, 20-2 (Nov., 1960). 

i 
THE H()SSBAUER EFFECT. 

599 Ii.Lustig. 
h e r .  J. Phys., Vol. 29, No. 1, 1-18 (Jan., 1961). 

hpor tan t  application3 of recoilless gamma-ray fluorescence. The 
importance of the fluorescence technique and Irn ltmitations, before 
MUssbauer's discovery. a r e  discussed. MUssbauer'e pioneering 
experlmen:s a re  briefly descrlbed and Lipkin's simple theoreticai 
explamtion of recoilless gamma-ray emission is presented. From 
among the large number of recent experiments which nuke use Of 
the MUssbauer effect, ton, groups a r e  selected for discusslon. Tbc 
iirst is concerned with tbe discovery of nuclear and magnetic Pro- 
perties d Fe"; tbe other, pith a test of the prlnciple of Wdvllenct 
in general relativity. by a measurement of the gravihticnal shift 
tbe frequency of radiation. 

&views for nonspec!aUjts : tc  recent discovery and several 

5 3 ~ . A 4  
THE IhTLUENCE OF A bIACSETIC FIELD ON THE 
RESONAKCE ADSORPTIOX OF ; -RAYS. 15519 

V.A.Lyubiniov and A.1.Alikhanov. 
Zh. ekspcr. teor. Fit . ,  Vol. 38, No. 6. 1912-14 (June, 1960). 
In Russian. 

of the 23.8 keV )-transition in  Sn"'*. The iiiagietic ic0:i;cnt of Ihe 
excited shte. w h i c h  was found to depend weakly on the value 
adopted for Uir Debye te , i iprature  for white t i n .  was ca1cu:atrd to 
tx -(1.1 i 0.1) times the ground state niat;!vtic mornrnt. 

The hIUssbauer effect usas u.wd to s tudy the Zeeinan splitting 

E.A.SYKlers*m 

M.161 

539.14 : 539.2 
NUCLEAR RESONANCE A€~sORPTION O F  SON- Q525 DOPPLER-BROADENED CAhBU RAYS W Rem. 

R.LMiisabauer and W.H.WIedemann. 
2. Phyr.. Vol. ls9. No. 1, 33-48 (1960). In German. 

:he absorption w28 observed In Re'" bound h a crystal lanice* 
At 20 rC, a small fraction of t t e  gamma-qunt l  of the 134keV urn' 
m o n  to the ground state is emltted with essentially no e n e r a  lost 
to recoil, the recgil momentum being taken up by me entire C W ~ *  
not b the Indlvidual rtucleus. Nuclel of Re'" stmihrly bound ln a 
Crgstal lattice were lrradiated wit1  such gamma-rays er.Itted vilhout 
loss Of energy, resulting In an observable resonance absorption! 
Using a relative velocity of the order of 10cm/sec, the line emitted 
W i t h  the n;ltursl line-width pras shlfled away from the absorption 'lD" 
resulting LJ the destruction of the resonance pilenomen?. AdYsir 
01 the vartation in transmission as a function of the Doppler s ~ f i  of 
h e  emitted gamma-ray yields a vzlue of T = (1.5 i 0.2) X lo'"sec 
for the lifetime of tie 134 keV excitgd st& 

Noesrbnusr effect in Fe57. Scy::iour ?\13:.gxlies (.Univ. of 
Ilkmis. Urbana). U.S. Dcpf.  CGV~.,  O$a Tech. Scm., 
A D  264,723, 112 pp.(lCtil). I\ scrics of Xocssbaucr x s o -  
nnncc lincs was observcd by using c Cos' source cop!ntcd with 
stable Pes*. Six Zccinan coxiponcnts rcsuitcd from the hy- 
perfine splitting of the 14.4-!=.e.\-. tramition of Fc?. T k  
spcctra were mcasuicd by ixms of Typc S?Q s:ain!css s:cd 

. arid K4Fc( C S \ S  sbsorbcrs. Tlic tmnsmittcd : i x  ;s T-Fprox. 
a Lorentzixi cum-c xitii width w1;icS incrcxcs \rith incrcns- 
ing soiircc and absorber thickrcss. Tile clinxc:crktics of the 
traiisiiiittcd line depend oil tiic spcctrnl s;lnrc. Cascs 
wit!i unsplit xm-ce :i:id nbsorbcr a d  wit!; s>Xt source and 
spiit absorber, wcrc stiidicti. 

Moessbsuer spectrs of some iron complexes. L. bf. 
Epstcin (lVesti!!g!inxc ihk-c. Corp., East Pittsburgh, Pa.). 
1. C1;crr;. Pliys. 36, 9731-7( 19t2). Xocssbaucr spectra 
. wcrc obtaincd for tlic fol1owi:ig coordinntion conpds.: Fe 
phtiin!ocynniiic, ferroccnc, Fc(COJ, Fc(II1) accty!nceto- 
iintc, and Fc( 11) accty!ncrtoiintc (IipyrkIiiic; for tlic foI!on.- 
in; comp!cx iun salts Fc( 11) trisp!icnnxi:;:rr.lii:c chloiitlc; 
Fc( I I I )  EDTA (rtliylciict!i.\::?i:: :t etr:incct;,.tc) (xr:ono-S:n 
snlt), Fc( 11) EDT.l, k m i n ,  ferricium picrate, S?.:~C- 
(CS)SSO. and soiilc Pc(l1 I :inll I'c(lI1) cynnkics. Thc 
isoxicr shift (rchtivc to st-iir:!c<s .;tccl) for l~:c( l l )  k s  tke 
value cspcctcd for :in inor:. in:i oii!y fur Fc(11) Ei>T.\. :xi 
the other co:ii:i!c*xcs tl:r s!:i!ts wcr ::bout 0:: r c . / x c . ,  cs- 
cci)t fcrrocy:iiiitic, which was near zpro. F ~ Y  !:1*(111) o:ily 

c I:.,.:! ii-i.c:..:!:tliy sin::\i i~l : ; .<;  s!)irts. 
T!ic 1:irgc iwg. 

occurrctl i n  i:c of v.i!c 
for butii spin-pxirctl 
t i i i p  v:ii-ictl 1vitlc:y bu 
s::;ts. s;l:Fc(cs)s 
s:ilitti:iE. 0tl:c.r I:c 
~lllsyl:l. 5:1~-cf.r'i. 

Frank I<. I:. Cheng 
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l!WMFmP€tY PmyTICUS - NUCLFUS - continued 

POSSIBLE PARITY A T  TIME-REVERSAL EXPERI- 
MENTS USING THE MOSSBAUER EFFECT. 8635 

M. Mor1 ta. 
Phys. Rev. (USA), Yol. 122, No. 5, 1525-6 (June 1, 1961). 

excited and ground s ta tes  of the daughter nucleus are effectively 
polarlzod when the sate!!:!es of the LlUssbauer effect a r e  separately 
observed. Using this  nuclear p la r iza t ion .  various experiment- " are 
proposed to detect parity nonconservation and t ime-reversal  invari- 
ance in beta decay. These experiments involve the measurement of 
the coiacldence counting ra te  of beta rays  and satel l i tes  of the 
MYssbauer effect. The resulting irnprovendnt in accuracy will make 
possible, for example, the precision measurement 01 the asymmetry 
o! beta-ray angular distributions. 

In the successive transition of the beta and gamma decays, the 

539.14 
13126 ULTRA-HIGH RESOLUTION Y-RAY RESONANCE IN 

ZINC-67. D.E.Nagle, P.P.L"ralg and W.E.Keller. 
Nature (London), Vol. 186, 707-ri (hizy 28, 196G). 

y-ray from the 9.4 psec f i rs t  excited state of Zn". The ratlo of 
natural line-width to r r a y  energy Is In lhls case 1/10" and is 10' 
narrower than In Fe". An annealed source of Ga" produced by 
deuteron irradiation of zinc oxide was mounted close to a zinc oxide 
abdoiber In a llquid helium cryostat. Observations were made ol 
the magnetic field required to be applled to the absorber  to destroy 
the resonance condition by nuclear Zeeman effect. With an applied 
field of 500G the absorber transmission of the 93 keV p r a y  
increased by (0  240 f 0.0&5)%. NJO resonance absorption effect was 
observed a t  room temperature or at  low temperature usi.tg an un- 
anneded zinc oxide-alumina abscrber, In which it mlght be expected 
that the active Ga atoms would be displaced from their proper lattice 

R.E.Meada poeitions. 

MUssbauer rescnance absorption was observed of the 93 keV 

5022. Nuclear ReSon q; Absorption 
of G m a R g S  IN 1 9  
Mossbauer. .- Naturwisserfichaften 

I n  Ce an. The Ugkev t ransi t ion 
i n  I 3' is  excited, using a 
centrifuge t o  compensate for the 
loss of energy of they- ray  i n  
the recoil. The width of the line 
is fou~d *be 43.5 x 1Q'6eVL 

Re L* 

Vole 45, NO. 2, 338-9 ( 1 9 s ) .  

G o  E. Brawn 

- 5a,o MOSSBAUER EFFECT WITH si". 
F.E.Obcrnshain and H.H.F.Wqener. 

' Phys. Rev. (USA). vol. 121, KO. 5, 1344-9 (:;arch 1, 1961). 
The Slb'ssbauer effect was observed in si". The fil"* 

THE: THEORY OF THE M6SSBAUER EFFECT. 
13631 J.Petm1d. 

SB heidelberg. A b d .  Wiss .  (math. nat. Kl.) (Germany). 1961, No. 5, 
45 pp. In German. 

A review article concerned with the systematic presentatlon 
of the theory underlying the Mossbuer  effect. S. J.St -Lorant 

539.14 : 539.1 
MbSSBAUER EFFECT W FERROCYANIDE. 

a524 S.L.R\).hy. C.M.Epsleln and K.H.Sun. 
Rev. scl. Instram., Vol. 31, No. 5, 580-1 (May, 1960). 

The change In y-ray transmission from a Co" source with 
VefWity W a s  measured for an Fe absorber at room temperature* 
and a aodium ferrocyanide absorber 2? 80°K a d  at room temperamre 
A ferrocyanide source Is expected to emit about 4 6  of 14.4 keV 
r-ray8 without energy change, compared with 6.Jk for soft Iron. J . F r d  



. 

6(yQ. 
applying the Mdssbauer effect. 

wncn s m y - r F a r z m ;  tced without recoil, the radiation 
ere4,tted has a considerable fraction contained slithin the 
natural liiie-width. 
t o  be  par t iaUy coherent with the incident y-rays and SO 
with the Rayleigh scattered component. 
the t o t a l  scattering amplitude will be a sum of the Rayleigh 
and resonance amplitudes. 
enhancement of the intensi t ies  of Bragg reflections f r o m  the 
crystal.. 
of inverse reflections w i l l  be unequal. 
t h i s  possibi l i ty  be uti l ized, as i n  the similar case of 
anamalous dispersion of x-rays, f o r  determining thephase 
c o n s t a t s  and also the absolute configuration of crystals.  
practical  l imitations are discussed. 

On the possibi l i ty  of a new phase - determining method 
R. S. Raghaven. 

proc Indim ACad, S C i  b . P a  Vale 53 NO 6, 265-72 (June, 1961) 

This p a r t  of the radiation is expected 

Under these conditions 

This coherent addition leads to an 

a w e  the t o t a l  amplitude is complex, the Intensit ies '  
Jt is suggested tha t  

. !  

Uspekbl f lr .  Nauk (USSSU, Vn!. 72, No. 4, 685-96 (Dec., 1960). 
b'RussIm. 
. 
rlth a clrsslcal discusslon of the effect. Further discusses the 
influence of thequadratic Doppler effect, coherent effects, treats tk 
case of & Irnpurlty, and the case of gaseous and llquid sources. 
Discusses cxperlments on Sn"' and Za" and glves comments on 
further posslblltttes. Provides a summary of a11 the Russian wort 
In thls field. [ Engllsh translation In: Soviet Physlcs-Uspkhi 
(USA), Vol. 3, No. 6, 881-7 (May-June, 136l)I. : F.Herbul 

Gives a survey of theoretical a d  experimental work. Begins 

269'/.~hemal broaclenird of the Mbssbauer l i n e  and of narrow- 
l i ne  s lec tmnic  spe::r.a i n  solids. Re H. silsbee. 

'rhedeFndence of the l a t t i c  vibration Hamiltonian upon the 
excitation s t a t e  of an electron o r  nucleus is examined as 
a possible source of thermal broadening of narrow-line 
elecbronlc spectra or Mbssbauer spectra i n  solids. 
model i s  proposed t o  i l l u s t r a t e  t h i s  mechanism and 
oalculhted techniques described t o  determine the line width 
appropriate t o  tha t  model. 
problem shows the absence of any observable thermal 

broadening except i n  the case of localized mobs. The 
mechanism i s  consistent with the Observed t h e m a  
broadening of the narrow l ine  of ruby, but t h i s  speclfio 
problem appears t o  bo too complex t o  permit a detailed 
t e s t  of the theory 

FhyS= Rev. (US)), Vole 126, p;O* 4 1726-33 (NOV. 15, 1962) 

A simple 

&gplication t o  the Mkbauer 



FLEMENTPRY PARTICLFS - NUCLFUS - continued 
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THE I~&~.SSBAUER EFFECT I?; PYRITES AND ’ 15517 MARCASITE. 1.Solonon. 

C.R. A c d .  Sci. (Paris), Vol. 250, No. 23, 3328-30 (June 8 ,  1963). 
In French. 

h e  observations !a two different structures of FeS, allowed 
P determination of the quadrupolar Interaction between the excited 
state of Fe” (I’ = f) and the crystalline field. The centre of the 
spectrum is displaced towards positive energies by an a n a n t  
C t 3.8 f 0.2 MC/8. D. J.Ollver 

. .  

Po A m  

Feb. 1963 
Massbauer scattering of low energy gamma-rays. B. S. wod. 

m & u Z r  ZEXterlng cpss-sec t ion  of 14.4keV gamma rays 
i n  Fe57 is found t o  be 142230 barns; t h i s  agrees with theory 
If the levels involved i n  the scattering ere assumed t o  be 
sp l i t .  This type of scattering nay be used t o  Investigate 
problems regarding the coherence between resonance and 

Indian J. PhyS. V0I.o 36, NO. U, 419-21 ( k U g e  1962) 

R_glei@ scattering processes. 

THE MOSSBAUER EFFECT: A TOOL FOR SCIEBCE. 
13630 G.K Wertheim. 

Nucleonics (Ua), Vol. 19, No. 1, 52-7 (Jan., 1961). 
A review of the effect in which gamma emission and absorption 

takes place i n  a solid with the whole crystal, ra ther  than the indi- 
vidual atom, absorbing the recoil energy. The photons then have an 
energy aln-ost equal to the nuclear transition energy. The fractional 
uncertainty i n  energy depends only on the lifetime of the excited 
nuclear state and may be a s  low as one part in 10”. The experl- 
mental obse ic t ion  of the effect, its use in nuclear spectroscopy 
(including measurement of hyperfine structure), measurement of 
gr2vitatioMl shift and possible future measurenients in  solid-stat? 
physics are discussed. R.D.Smith 



'994 STC'DIES OF THE ISTERSAL FIELDS ACTlSG OS SUCLEI 
IS FERR~lhGSETlC XXD PARWACSETIC SOLIDS. 

CSISC RECOIL-FREE HESOSASCE AXORPTIOS (~~OSIWAL'ER 
EFFECT). R.i\auniingrr, S.G.Cohr.n, A.hlarinov and S.Ofer. 
J. Fhys. Soc. Japan, Vol .  17, Suppl. D-1, 123-1 (hlarch, 1962). 

"hlagietisni and Crystallf>t:raphy" Confcrenee, Kyoto, 1961. 1. 
blagnrtisni (see Abstr. 21284 of 1962). Recoil-free gamma-rhy ab- 
soq!tion spectra were observed in ferrimagnetic and p r a m a g ~ i z t ~ C  
 solid^ containinr: nuclci of Fe" and Dy", usin): rad~cuctive sourccs 
of Co" and Tbryl .  Thc hylnbrfinc Zceman splittings in ferrimagnetic 
niatcrials permit a &tt~rniination of the effective magnctic field 
(H.cc 31 lhc nu-lei. 
sium iron garnet and i n  sonic spinel ferritcs were measured at 3OU' 
and 8 9  K. hlzasurernents on Fe,O, corzirm V c r w y ' s  hypothesis of 
a fast enchangc bctwecn fcrrous 2nd ferric ions in the oc tahedd 
silcs above the tramition teniperature. H.,r a1 Dyl*' i n  dysprosium 
iron gax.4 w ~ s  found to k 3. 5 . I O b  (x. at 8 r  K and 7. 5 . 10' Oe at 
3OCf R a d  was proportions1 t u  the Dg sublattice SpOntmeous niag- 
nrtization. A large tcmj r ra turc -dc .~nd~~ . i i t  quadruple interaction 
i n  DIG uas &serve& which is ascribed ti> an rffrctive electric field 
gn&ent at me ~p nuclei produced by the wrtlally allgicd orbitals 

at Fc." nuclci in yt t r ium iron garnct, dyspro- 

of the 4f electrons, and thus correlated with the SPOntme~S  
rnagnct1ta:lon. 

ANISOTROPY OF 7-RADfATION IN THE MOSSDAUER 
350 EFFFCT. A.Cel'hrg. 

Zh. eksper. tcor. Fir. (CSSRI, Vol. 41. KO. U71, 115-17 (July.  19611. 
In Russian. 

(external magnetic field or ficld of [ e r r o n a p t t i c  donuins). 
IEnglish transbtlon In: Sovlct Physics-JETP CVSAJl. * 

C:iruLl!ed for the r a w  when the source IS In  a Ihlcnctlc fleld 

Ah'EOTROpY OF >-RADIATION IN THE MOSSRAUEH 
22712 EFFECT. A.Gel'berg. 

Zh. e k s p r .  teor. PIS. (USSR).  Vol. 41. NO. l (7) .  115-17 (July, 1961). 
1p. Russian. English translatlbn In: Soviet Physics-JETP (USA). 
Yol. 14, No. I .  86-7 (Jan.. 1962). 

Fur abstract see Abstr. JSO oI 1962. 

539.2 : 538.2 : 539.14 
DIRECTION OF THE EFFECTIVE MAGNETIC FIELD - 
AT THE NUCLEUS IN FERROMAGNETIC IRON. 'la2' 

S.S.Hanna, J.Heberle, G.J.Pe.low, R.S.Preston and D.H.Vincent. 
Phys. Rev. Letters,  Vol. 4, No. 10, 5I3..15 (May 15, 1960). 

By observing the change in the hyperfine splitting of the nuclear 
energy levels, using the MtJssbauer effect, the effective wagnetic 
Meld a t  tk imn nucleus is found to be antiparallel t9 the direction of 
magnetization. E.A.Sanderson 

996 

L.G.I;mg, S.Dcl)cnedetti and R.l.1ngalls. 
J. F t ~ y s .  SOC. Japan, Vol. 17, Supjil. B-I, 131-3 (hfarzh. 1962). 

Magnetism (sec Allstr.21784 01 1962). The uadrulnlc si11ittii:~s 
of thr hlbsbauer ahsorption pat!? riis of Fey' In F e w ,  .7lt, 0, 
FeC!. . 4H1O, and FeiSTt,): (W,): .61{,0 were measured as a 
function of tc.nilwralure. Lour temperature I i i i i i t i n ~  values of the 
splittific"; u c r e  ftund to IH? 0.350 cni sec- ' ,  0.315 cm S C C - I ,  and 
and 0.277 cni sec- '  (all 
p r a t u r c  dep,ndrnce is intc:l~rctc*d In terms of thc temperature- 
&.lx,ndvnt wcupat~on prthal~~l i l ics  o f  thc triplrt stdtes of the, krrouc 
d-elvrtron. Ch~rac te r~h t i e  tenijn>rsturcs of B o b ,  1000; %id 380" 
rrsiwctivrly are a s ~ i ~ i i c d .  A c o * n p l . ~ f i ~ ~ n  indicates that thc ant!. 
shie1dir.t: factor for  t h r  ficld graitirnt causrd by the ferrous d elcc- 
Iron I s  i 0'42.  The macnitude of the quzrlruinle mol,,cnt of the 
cxcited stalr of Fr" I s  cst;n:atcd to k 0 .18  barn. 

IhTTEN\CTION DETWEEN Fc" A M I  ITS CRYSTALLISE 
SU RROL'hDISGS. 

"hlapnctism and Crystallcgraphy" Cnnfrrence, Kyoto, 1961. 1. 

0 .005  em scc- ' )  reslwctivc.ly. Thc t ~ * m -  

' 995 TH.E MbssnAtJER EFFECT IN SOME IRON COhfPOUNX. 
K.Ono. Y.fshikaw, A.lto and E.Htrahara. 

J. Phys. Soc. Japan, Vol. 17, Suppl. 17, 155-9 (L!arch, 1962). 

hlagnetisrn (see Abstr. 21284 of 1962). Magnetic p r o p r t l e s  of 
Fe I 0, , nFel O f ,  FCS, .m, FeSl 
the method of the hRbsbauer effect. The results obtained In thls 
vork a re  listed in tabular form. 

"Magnetism and Crystallography" Conference, Kyoto, 19GI. 1. 

and Fr  , A1 were Investigaled with 

A MbSBAUER STUDY OF THE WTERNAL FIELD AT 
Fe" IN r-Fe,O . K.bno 2 4  A.110. 16918 

J. Yhys. Soc. Japan. Vol. 1.1, No. 6. 1012-17(June. 1962). 

function sf temperature from 100'K to 1050°K. In the hyperfine 
spectra. a steep change of !he energy sh i f t  z due to  quadtupole 
hteractlon was found at about 2E0°K. The ratio of t at IOO'K 10 
that at 3OO'K is - 2.0 t 0.4. This valve correspmds to the ratin 
Of ( 3  COS'9 - 1) beloF: and above the trar.si1ion temperature. if 11 
IS assumed that the dlrectlon of the p r in r ip l  utls of the electric 
field gradient at the Iron nucleus Is parallel 10 the c-axis. A 
careful observation of the 
transltion t e i zp ra tu re  showed that each line conslsted of a doublet. 
Thls fart reveals t b t  the transition temperature Of n-Fe,04 U s d  
i n  the present experiment varied locally frmn 220'K to 270 K. The 
value of e'qQ obtained at about 260'Kis ( +  0.034 s 0.008)cm,'Ser 
(+ 9.7 i 0.09) ~ c j s c c .  Although there uere  fairly large errors 
in the values obtained for e'qQ, the  field gradient seemed to 
Increase slowly vlth temperatbre from l00'K to 709'K. The 
abrupt Increase of the field gradient u'is fomd near the X i 4  tenlCfra- 
ture. The observed temperature dependence Of the Internal 
maget ic  field was fairly consistent with the molecular field thc,drY 
for S * 5/2. 

MUssbauer absorptlon by Fe" In m-Fe:O, was measured as a 

of the absorptlon Ilne near the 

991 

3. RYS. Sot. JaPn,  Val. 17, SUPp1.B-I, 133-5 (hfarch, 1962). 

hitagnetism (see A f I s t r .  21284 of 1962). The solid solutions (1-X) 
FeTiO,-xFel 0, e*hibit strong fcrromagnet~c moments for ~h~ corn. 
positions X 0.6, where the Fe and Ti ions a r e  or&red in the alter- 
nate (111) IaYcrs. The aIIomaly rcvcaled by the Mbssbauer measure- 
ments i s  Uut the ferrimabmctic phase consists of ferrima-Tnctie 

hl&I3AUFR STtJDY OF FeTiO, A!im mS SOLID 
SOLUTlOSS WITH oFe,O,. C.Shirane and S.t.hby. 

"hfametism m d  CryYtal1wr:ral)hy" Conference, qdo, 1961. 1. 

"--- - - -  clusters surrounded by paramagmetic nicdla. The size d these 
clusters decreases with increasing temperature of inc-asing lwal 
ccncentration of Ti. The isomcr shift FeTiQ i s  1 . 2  mnx set" at 
room t empmture  as expected for Fe" . At 20'& the hyperfine field 
was found to be 70 kOe, considerably smdler th;m Lhe expccted vduc 
for Fe". 

MEASUREMENT, BY MEANS OF THE M ~ B A U E R  6248 EFFECT, OF LQCAL FIELDS IN VARIOUS COM- 
WLXX OF IRON. I.slomon. 
c.RAcad. Scl. (France), Vol. 251, NO. 23, 2675-7 (M. 5. 1960). 
h French. 

Mtlssbauer ri!:ct S ~ S  observed in: (a) substances where 

'Ithe local fleld is non-zero but due to the rapid fluctuations the 
effrct of the field 1s zero; (c) in a garnet where the meas- 

ured ralues of the local fleld at tuo sites were found to be 390 f 7 
a d  4% f 7 lroe with rek t lve  intenslties 3 and 2, resPCctivelY. 

E.A.Sanderson 

lwal .'ield Is zero; (b) substances where !he Instantaneous Value 

3.3 



MCG”TIC PROFIRTIES OF SOLIDS - continued 

3133. 
F e 2 2  system by neutron diffraction and the &ssbauer 

effec . C. Shlrane, De E. Cox, W. J. T e e 1  and S. L Ruby. 

m e  so l id  solutions (ld)Fa‘llO3 -IC Fe20-3 exhibit strong 
ferrimagneric moments i n  the compositibn range O . l L +  < 0.6. 
I n  t h i s  region cation orderkag is thought t o  occur such tha t  
the Fe2+ and Ti4+ ions occupy al ternate  (111) layers, thus 
forming 6UblattlCe~A[% Fe3+ , (1-7.)Fe2+3 and 
~ m F e 3  , ( 1 - 4 ~ 1 4 3  . P neutron diffraction study shows 
that  a t  l eas t  95% of the Ti iors are located on the B l ayer  
but thet  they We not ordered within the layer. 
temperature dependence of the magnetic in tens i t ies  of a .  
nulOber of ferrimagnetic phases revdals tha t  both sublat t ice  
moments, at zero magnetlc f ie ld ,  f a l l  considerable short 
of the theoretical  values. In  addition, $ssbauer patterns 
indicate that paramagnetb oehavioul; pe r s i s t s  over a rather 
wide temperature renge below the Nee1 temperature of solid 
solutions i n  which x= 0.21 and x: 0.33. These resu l t s  
are interpreted as a consequence of inhomogeneity in the 
magnetic structure, &e t o  competing intsractions es a 
resul t  of the Ti ions being disordered within the layer. 
me centre s h i f t  - a d  quadrupole s p l t t h g  for F6TIQ were 

results, the M6sebauer absorption by so l id  solut3,ons 
above t h e i r  N6el points can be interpreted as a super- 
position of the absorption peaks of I;e2+ and Fep .  

P study of the magnetic properties of the ~ ~ ~ 1 0 3 -  

J. Phys. E. Japan. Vole 17, NO. 10, 15%-1611. (0ct.j 1962) 

The 

measured over a w i d e  temperature range. By using 2 hese 

539.2 : 538.2 : 539.14 
MEASUREhlENT O F  LOCAL FIELDS AT IMPURITY 
Fe” ATOMS USING THE hIt.SB.421ER EFFECT. ‘la2‘ 

C.K.Wertheirn. 
Phys. Rev. Letters. Vol. 4, No. 8, 403-5 (April 15, 1963). 

8lllcon are Investigated, using these as sources. Stalnless steel 
and diamagnetic potasslum ferrocyanide. which exhibit unspllt 
absorption lines, are used as absorbers. Values of the locat magne- 
tic fields, in oers teds,  are found to be 3.3 x lo’, 3.1 x lo’, and 
2.6 x 10’ in  Fe, Co, and NI, respectively, and 3 x lo‘ for an iron 
atom 0ccupying.a site characteristic of a cobalt a t o p  !n silicon. 

Local magnetic flelds at Fe” nuclei in Fe, Co, Ni and n-type 

E.A.Sanderson 

HYPERFINE STRUCTURE OF Fe” I!{ PARAMAGNETIC 
AND ANTlFERROhUCSETlC FeF, FROM THE ‘IQ7 

M k B A l J E R  EFFECT. G.K.WertheIm. 
Phys. Rev. (USA). Vol. 121, No. 1, 63-6 (Jan. I. 1961). 

Measurements or the garnmi-ray resorunt absorption In 
orlented slabs of FcF, werc used to determine the magnltude and 
dlrectlnn 01 thc rnagnetlc llcld at the lron nticlcus In  the antiferro- 
magnctlc r.tate (3.40 x 10’ Oz at 0°K) and the quadrupole splittlng In  
the paramagnrtic state (31.2 hlc, s) uf th1s matrrIa1. The observed 
electrlc and magnetic h.f.s. In  the rntiferroniagnetic state I s  Inter- 
pretable In te rms  of an asymmetric electrlc iield gradirnt tensor 
vIlh :ts major axis perpendicular to the c axis. an a s p m e t r y  para- 
m e k r  of 0.33, and a quadrupole splitting of 30.3 hlc,’s rt 45’K. 

1 4  



ME(IKFJXC PROPERTIES OF SOLIDS - continued 
. .  

LDs IN MAGNETIC - nd A J.Freeman. MATERI A LS. 
14665 ozcr N OF F 

Phys. Rev. (USA). Vol. 123, No. , 2027-*7 (Sept. IS. 1961). 
The orieln of the effective ni.ignetic fields-at the nuclei 

magnetic materials which have been determined by MUssbauer, 
nuclear magnetic resonance, electron paramagnetic resonance, 

ppeciflc heat, and nuclear polarization methods Is i ~ ~ p i ; l . c  
throretlcally by meansof the exch3nge polarihtinr. m&& 
Exchange-polarized iron series Hartree-Fak abhura,., 
carr ied out for (a) free ions and neutral atnms.(bl laanlfnk 
crystalline field (as  In a r.alt), and ( c )  spin densitlea a,,jdp-- - ations whlch conform with energy band and neutron ‘N(lnn 
scattering observations for the ferromagnetic metals 
field data for metals, ferrites, rare-earth garnets. a d s l o r  
then discussed 2nd it is shown that the domihlntcontnk;t,ng& 
effective field (in almost every case) arises from the(tr* 
polari~?!ron of the core electrons by the spin densi!? of mtw 
outer electrons. For the transition metals, the role oftheronk 
tlon electrcns I s  analysed including some new conlrihme 
prevlously consfdered. The &la for ions like Fc” and&:’ :.-. 
understood mainly on the b.sis of the core pohriutim(trr% 
such factcis  a s  covalent bondinc. charge transfer. c r y 4 W  
effects (such a s  distortions from cubic symmetry) Iwstrbk 
Included. For ions like Fez+ and Ca’* thebrge) f i t i d k m  
unquenched orbital angular momentum must atso be c o r n d s a d  
several  cases  in which the orbital field dominates are d w  
The exchange polarization method and the a c c u r a c y d t w  
spin-polarized Hartree-Fock functions are dlscusd W’ 
to the sensit i t i ty of the !nterilal field to orWldaV*mt*.8 

~ effect of cr_ysgalljne environments, and to expansionsnd- 
of the spln denslty.~Eachlactor~isfnmstigatedffl ~ 

of accurate exchange-polarized calculations. h mm‘??a 
these studies a restricted Hartree-Fock c a l c ~ ~ ~ i ~  * 
carr ied out (and is reported a s  an Appendix) which ismar’m* 
than existing calculations and indicates the aCCUraC1 
analytlc Hartree-Fock ealculatlons. 

~ 
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